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SUMMARY 



Tests were made in the N.A.C.A. 7 "by 10 foot wind 
tunnel to determine the control forces and air loads act- 
ing on split flaps. Clark Y wing models were used with 
two different sizes of full-span split flaps; one having 
a medium chord (0.25c) and the other a narrow chord (0.15c)t 
Hinge moments of the flaps were measured and also the divi- 
sion of load "between the flaps and the wing. 



The investigation showed that, at the angles of attack 
and flap deflections for maximum lift, the lift loads on 
the split flaps were only 5 percent and 9 percent of the 
total lift for the narrow and medium-chord flaps respective- 
ly. The ratio of drag on the flaps to total drag increased 
greatly with decreasing angle of attack, reaching a value 
of approximately unity at small negative angles of attack 
with the flaps fully deflected. 

The normal force on the split flaps increases both 
with angle of attack and with flap deflection for angles 
of attack below the stall. The value of the normal-force 
coefficient is about 1.40 at the angle of. attack and flap 
deflection for maximum lift with either of the flaps' test- 
ed. The center of pressure of the load on the split flaps 
in general moves forward with decreasing flap deflection 
and with increasing angle of attack from small negative 
angles up to the stall. 

The hinge moments of the narrow- chord split flap were 
about 42 percent those of the medium- chord flap when de- 
flected to give approximately the same maximum lifty but 
they are considered to be still too large for rapid and 
easy flap operation. 
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INTRODUCTION 



Split trailing- edge flaps... are nc}w_ being utilised, to a 
considerable extent on airplanes for reducing the landing 
speed and for increasing the ranise of gliding angles. The 
use of these flaps has given risu to several new problems, 
particularly those involving control forces and methods of 
construction and operation. Some of the aerodynamic char- 
acteristics of wings eauipped with split flaps have already 
been investigated and considerable data are available on 
the lift, drag, and. center of pressure, of these combination 
(See references 1, 2, and 3.) Very little data, however, 
have been available to designers concerning the character- 
istics of split flaps alone. 

The present investigation was made in order to obtain 
data regarding control forces and_ the. air loads on split 
flaps. Hinge moments of the flaps and the division of load 
between flap and wing were measured, and from these data 
the center of pressure of the load on the-flap was calcu- 
lated. Clark Y wing mode.l-S were used with two different 
sizes of full-span split, flaps, one having a medium chord 
and the other a narrow chord. 



APPARATUS AND TESTS 



Hodel s . - The two models used were rectangular Clark Y 
airfoils, each having a 10-inch chord and _60-inch span. 
The msin portion of each airfoil was constructed of lami- 
nated mahogany to the specified ordinates given in. table I. 
The trailing-edge portions were formed by the split flaps 
antf by upper- surface ailerons as shown in figure 1, The 
two sets of flaps and ailerons were made of duralumin be- 
cause of their small size (0.15 and 0.25 of the wing chord) 
Both wore hinged to the wing in such a manner that they 
could be locked rigidly in place or allowed to swing freely 
about their hinge axes. In addi-tion, the flaps could be 
supported in position but entirely separate from the main 
part of the wing. 

? ind tunne l.- The 7 by 10 foot wind tunnel, which has 
an open test section, is described in reference 4, together 
wiJ;h the balances and standard test procedure. The tests 
were made at an air speed of 80 miles per hour, correspond- 
ing to a Reynolds Number of 609,000. 
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2.§.§.t§Li."* Aerodynamic force tests were made in. which 
lift, drag, and pitching moment were measured for the wing 
with flaps attached and deflected various amounts at sev- 
eral angles of attack. Most of the tests were made with 
ail er.Ofts'_nj&Ut ral-, and a few arrangements were tested, with 
the -aileron 'deflected" upward. "The tests were then repeat- 
ed,- measuring the same components for the main part of the 
wing only, the flap "being separately supported in position. 

'■'A series of tests was also made in which the hinge ' 
•moments of the flaps were measured for different deflec- 
tions at several angles of attack. The "flaps were arranged 
to hinge freely on the wing for these tests, and we're con- 
nected to a device that measured the hinge moments "by means 
of' the calibrated twist of a long slender torque rod ex- 
tending along the hinge axis from the flap to the balance 
frame outside the air jet. ....... 

Accuracy.- The maximum variations in test results up 
to the stall as determined hy check tests made aflier com- 
plete changes of experimental set-up are as follows: 
Ol ± 0.008} CD ± 0.004; Oh ± 0.00009. Beyond the stall 

the results are somewhat irregular, probably because of 
unsymmetrical flow over the wing and flap. The data were 
not corrected for tunnel-wall effect. 



RESULTS AND DISCUSSION' 



The results are given in the form of curves of lif"^ 
drag, normal-force, and hinge-moment coefficients and 
center'-o"f-pressure location, in f igures £ ,to ll". "The cBr 
efficients are the usual ahsolute ones, defined as foilowe: 

0t _ lift ' ''*"''. " 



CD 



drag, 
q S. 

hinge m oment 
q c S 



C = n,ormal f orce on flap 
Hl q. S f 



where S, total wing area, flap neutral 
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Sf , flap area 

c, total wing chord, flap neutral 

q, dynamic ''pressure 

• • • ^ Characteristics of wing co mplet e with split flap .- 
"Lfft, 1 " drag, and center of pressure for. several flap de- 
flections up to that for maximum lift are given for the 
wingV-w.ith the' 0.15c split flap in figure 2, and for* the.. 
0l25c\,spiit flap in figure 3. The results exhibit np un- 
usual '.char act er i sties for the arrangements tested, and 
...agree ■well. w,ith what would be expected from previous tests 
reported in reference 1, 

''' "" ' Divisi on of lift a n d drag "between split flap and wing . - 
The characteristics for the 0.15c split flap are given in 
figure ,4, and for the 0.25c split flap in figure 5, It 
will "be seen that the lift load on. the 0.15c split flap is 
only about 5 perc-ent of the total lift of the wing and flap 
combined, at the angle of attack and flap deflection for 
maximum lift. For. .the 0.25c split flap the value is about 
9,.pe,rpen.t "of the total lift for. the above conditions. De- 
flecting ' the aileron up 70° had practically no effect on 
the division of lift 'between flap and wing for either of 
the flaps tested. 

The drag load acting on the flap i's greatly affected 
by flap deflection, the greatest proportion of the total 
drag being carried. by the split flaps at the low angles of 
attack and largest flap deflections. A surprisingly high 
value was obtained in the case of the 0,25c flap at -7° 
angle of attack when deflected down 45°. The d~rag load 
on the flap was 112 percent of the total drag of the com- 
bination (fig. 5) which effect may be attributed. to the in- 
terference between the flap and the main'portion of the 
wing. With the aileron up 70°, the tendency was to reduce 
the drag load on the flaps somewhat. 

Norm al force on split flap .- The normal force acting 
on the split flap increases both with angle of attack and 
with flap deflection (figs. 6 and 7) for angle s of attack 
below the stall. The value of the normal-force coefficient 
for either size of flap tested w.as. about- 1 . 40 at the angle 
of attack and deflection for maximum lift of the wing-and- 
flap combination. Above the stall the results are some- 
what irregular, probably because of un symmetrical stalling 
of the wing. 




N.A.C.A. Technical Note No. 49.8 



5 



Center of pressure of load- on split flap .- The center 
of pressure of the load on the split flap in general moves 
forward with decreasing flap deflection and with increas- 
ing angle of attack from small negative angles up to the 
stall (figs. 6 and 7). At the stall for _the_ 0.15c split 
flap- the variation of center of pressure "is from about 26 
to "45 percent of the flap chord for deflections of 15°- to 
'■'50°v" The most rearward position was reached at_ -5° an gle 
of attack, where the variation is from -3 6 to 52 percent of 
the flap chord. At the stall for the 0.25c split flap, 
the ceiVter of pressure varies from about 31 to 40 percent 
af' the '■'■flap chord (fig. '7). The most rearward position on 
this fl'ap- was reached at -10° angle_ of attack, where the 
variation is from -45 to 53 percent ~f or a range" "of flap de- 
flections from 15° to 45°. At greater negative angles than 
■-fe'hb se ' f or ' the most rearward po sitions of the center of 
'pressure i"'the c.p-.- moves forward very rapidly. 

Hinge moments of spl i t flap .- Co of f i ci exit s of hinge 
moment are plotted against angle of attack for the 0.15c 
flap in figure 8, and for the 0.25c flap in figure ^5. Plots 
of Oxj against flap deflections Sf are given for the 
respective flaps in figureslO" and "II. 

The hinge moments are not much affected by changes 
in angle of attack except at large negative angles, where 
they become very small. Large increases in £he hinge mo- 
ments occur, however, with increasing flap deflection. 
With the aileron up 70°, the "tendency is to increase by a 
small amount the hinge moments of the flaps at low flap, 
deflections, and to decrease them at the large Flap "de- 
flections. It will bo noted that the hinge-moment coeffi- 
cient of the 0.15c flap is about 42 percent that of the 
0.25c flap when deflected to give approximately the same 
maximum lift coefficient. 

Conventional ailerons having proportions of 0.25c by 
0,40 b/2 each, when deflected equally up and down 25°, 
have a hinge-moment coefficient of about 0.0062 (reference 
5). It is evident that the hinge moment of 0.0142 for the 
0.15c full-span flap may be considerably too large for rap- 
id and easy deflection. A reduction of the hinge moments 
of split flaps is very desirable, and an investigation of 
methods for reducing the hinge, moment s of conventional 
split flaps is now being undertaken by the Committee. In 
addition, pressure-distribution tests would be desirable 
to give the distribution cf chord and spaii loads on the 
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wing and the split flaps. 

CONCLUSIONS 



i 1. The lift loads on the split flaps at the angles 
of' attack -and deflections for maximum lift were found to 
"be 5 percent- of the total for the 0.15c flap and 9 percent 
of. the total for the 0.25c flap. 

2. The ratio of drag on tlie flaps to total drag in- 
creased greatly with decreasing angle of attack, reaching 
a value of approximately unity at small negative angles 
of attack, with the flap fully deflected. 

3. ,The normal force on the split flap increases both 
with angle; of attack and with flap deflection for angles of 
attack "below the stall. The coefficient was "about 1.40 'at 
the angle of attack for maximum lift with either of the 
flaps tested. 

4. The center of pressure of the load on the spJLit' 
flaps in general moves forward with decreasing flap do- 
flection and with increasing angle of attack from small 
negative angles up to the stall. 

5» • ' When deflected to give approximately the sane 
maximum lift;, the hinge moments of the narrow-chord flap 
are about 42 percent those of tho medium- 1 - chord • flap , "but' 
they- are 'considered to "be still too large f<5r jfapid and 
easy'" operation. ■ -i ' 1 



Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va., November 11, 1933. 
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TABLE I 

Ordinates of Clark Y Section in Percent of Chord 
Had. L.E. 1.50 Had. T.E. 0.06 



Distance from L.E. 



Upper 



Lower 



0 

1.35 
2.5 

5 

7.5 
10 
15 
20 
30 
40 
50 
60 
70 
80 
90 
95 
100 



3.50 
5.45 
6.50 
7.90 
8.85 
9.60 
10.69 
11.36 
11.70 
11.40 
10.52 
9.15 
7.35 
5.22 
2.80 
1.49 
.12 



3.50 
1.93 
1.47 
. 93 
.63 
.42 
.15 
.03 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
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Figure 1.- Clark Y wings with split flaps and upper -surface ailerons. 
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Figure 2.- Lift, drag, and center of pressure for wing with 
0.15 c full -span split flap. 




Figure 3.- Lift, drag, and center of pressure for wing with 
0.25c full-span split flap. 
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FIgure-4.- Lift and drag acting on flap. 0.15c 
full-span split flap. 
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Figure 5.- Lift and drag acting on flap. 0.25c 
full-span split flap. 
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6.- Nornjal force and c.p. location on 
0-15c full- span split flap 
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7.- Normal force and c.p. location on 
0.25c full -span split flap 
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moments 
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full- 
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